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Summers and Welsch: How Learning Curve Models Can Be Applied to Profit Planning

The increase in efficiency caused by the learning
effect in making new products is all too often ig
nored in budgeting and bidding. Yet it can make all
the difference in gaining a contract or losing it—

HOW LEARNING CURVE MODELS CAN BE
APPLIED TO PROFIT PLANNING
by Edward L. Summers and Glenn A. Welsch
University of Texas

World War II a substan
tial amount of literature has
been devoted to a behavioral phe
nomenon known as the “learning
effect.” The learning effect refers
to the potential efficiency to be
gained from repetition of a manu
facturing procedure, process, or op
eration.
Learning-curve theory has par
ticular relevance for accountants
and others concerned with histori
cal costs, projected costs, and bud
gets. It is an important factor to be
considered in developing realistic
cost estimates and profit projections
where repetitive manufacturing or
operational activities are involved.
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A high degree of realism and ac
curacy in cost and profit forecasts
enables management to develop
competitive and economically sound
pricing policies, particularly where
price depends in large measure
on costs. Other significant conse
quences include effective planning
and control of cash flows, costs,
and personnel requirements. This
article reviews learning-effect the
ory and suggests some relevant
applications in profit planning and
control.
The learning effect is the rele
vant factor underlying what have
come to be known
learningcurve manufacturing progress mod-

els. Development of the ballistic
missile provided the basis for a
widely cited illustration of the
learning effect. During the early
and middle 1950’s, when the re
search and development of ballistic
missiles reached a payoff stage,
cost projections for the first pro
duction models emerged. The cost
of one ballistic missile from the
first production fine was in excess
of the cost of a single strategic
bomber. It could have been ar
gued (aside from the fact that the
bomber was manned and the mis
sile was not) that, since bombers
were less costly to produce, they
should be produced in preference
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to the apparently quite expensive
in the short run, subject to the
to learning curve analyses are:
missiles.
effects of discretionary manage
1. Those that have not been
However, the decision was to
ment decisions and externally
performed or have not been per
produce missiles. The decision rest
imposed price changes of specific
formed in their present operational
ed in part upon the knowledge of
resources. The learning model
mode. In contrast, any activity
learning-curve models and signifi
holds that the cost of resources in
which has long been performed
cance of the learning effect gained
cluded in a product in addition is
by the firm in a particular way
from the experience of the aero
affected by other variables that
is not subject to the learning effect.
space industry. That experience
are controllable by the
The
2. Those which are being per
had enabled planning and budget
standard cost concept implicitly as
formed by new workmen, new
executives in the Department of
sumes that the learning effect (if
employees, or others not familiar
Defense to forecast realistically
it exists) has been realized; i.e.,
with the particular activity. In
that the production cost of a ballis
that the firm is operating on that
contrast, activities being performed
tic missile could be reduced to
segment of the learning curve that
by experienced workmen thor
approximately one million dollars,
is asymptotic to the horizontal axis.
oughly familiar with those activities
far less than the “matured” cost
To restate it another way, a stan
will not be subject to a learning
of a strategic bomber. The expec
dard cost is a “mature” cost; the
effect.
tation of substantial and dramatic
assumption is that sufficient experi
3. Those involving utilization
reduction in cost was based on
ence has been gained so that any
of raw materials which have
the explicit assumption that there
further learning effect is negligi
never been used by the firm
would be significant learning effi
ble. In contrast, the learning-effect
before, or never have been used in
ciencies as more and more missiles
model explicitly states that many
this particular fashion by the
were produced. With cumulative
of the operations and resource
In contrast, familiar and regularly
experience, less material waste, less
commitments involved in a pro
used materials generally do not
labor, and less overhead should be
ducing situation (particularly where
reflect the learning effect.
incurred for each missile produced.
the product involves complex op
4. Those production runs which
erations and the production run
are of short duration, especially if
is limited) are continuously sub
there is a possibility of follow-on
The learning curve
ject to the learning effect as more
production runs (by short duration
and more units are produced. The
Practically all manufacturing ex
we mean perhaps less than 10,000
learning-curve model does not as
units although “short” is a relative
periences are subject to the learn
sume a mature cost as the on
ing effect in varying degrees. In
concept).
going situation. If the conventional
particular, a production run of fi
concept of standard cost is utilized
nite size and possessing some degree
Curves vary widely
in developing the cost budget for
of complexity is susceptible to the
manufacturing in a situation where
learning effect. The learning effect
From the control point of view
the learning effect is significant,
may be described quantitatively by
the learning effects should be
the budget standards are apt to
an exponential function which re
identified with responsibility and
be excessively liberal and the re
lates the resources required to pro
decision centers primarily associ
sultant variances in performance
duce one unit to the total number
ated with service or overhead oper
reports misleading. The inclusion
of units produced. One commonly
ations. In general, one should not
of learning-effect models in the
observed learning-effect function
expect that normal service or
development of manufacturing cost
has the resources required per unit
overhead operations will be sub
budgets
in “immature” situations
produced decreasing by 20 per
ject to a learning effect in a
clearly should serve to improve
cent each time the production
significant degree since they tend
managerial planning and control
quantity is doubled. Thus, if the
to be routine and to be con
operational costs.
first unit produced required $10
tinuously performed in essenti
million in resources, the second
ally the same manner for long
unit would require $8 million, the
periods of time. However,
Classifying activities
fourth unit $6,400,000, and so on.
ceptions should be anticipated such
These costs, plotted on a vertical
At any one point in time, not all
as the maintenance of new types of
axis against total units produced
activities of a firm are subject to
equipment; in such cases main
on the horizontal axis, represent
the learning effect. Those activities
tenance in the early periods is
a learning curve.
which are subject to the learning
likely to be significantly less effi
The learning effect concept of
effect should be identified and
cient than maintenance after a
cost measurement may be compared
evaluated so that relevant cost
record of experience is attained.
with the standard cost concept in
concepts can be applied to them
The supervisory function initially is
managerial accounting. A standard
in the profit planning and control
apt to be subject to a learning
cost normally is held constant
process. Activities that are subject
curve effect; for example, when a
46
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new plant is acquired
supervision
log paper (graph paper on which
The cumulative resource input
initially may be less efficient than
the scales are expressed in terms of
after the plant has been in opera
logarithms rather than absolute
∑Y = Y1 + Y2 + . . . etc.
tion for a period of time.
values). The learning effect may be
If
units are to be produced,
In applying learning curve
expressed as a straight line on log
this expression may be integrated
models it is important to recognize
log paper; therefore, only two
is:
from x = 0.5 to x = N + 0.5 to
that not all learning effects can be
points (or one point and a slope)
give
described by the same quantitative
are necessary for plotting. Each
formulas although some formulas
point plotted will represent values
∑Y = TN ~
[(N + 0.5)1 +n—(0.5)1 +n]
do have wide application. For
for a pair
variables: first, the
which is the desired formula.
example, the “80 per cent learning
dependent variable—the measure,
This formula can be modified to
effect” has been found to be widely
in dollars or other units, of the
give the average cost per unit in a
applicable to a variety of simple
resource used; second, the inde
production run which is subject to
manufacturing operations. It may
pendent variable—the measure of
the learning effect:
be applicable in the aggregate to
output, usually the number of units
the assembly of a product that in
produced. The terms “resource
∑Y
Y1
N
[(N+ 0.5)1+n(0.5)1 + n]
(N)
used” and “number of units pro
volves a large number of inde
N(1 + n)
pendent operations, each individu
duced” are generalizations and are
Consider the following brief ex
ally subject to a different learning
used to suggest definitional re
ample
which illustrates utilization
effect. Yet there are a number of
quirements appropriate to each
of these formulas:
situations where the 80 per cent
particular application. (As another
Let Y1 = 962 direct labor hours
curve would be inappropriate.
example see Figure 1 on page 49.)
(DLH)
Although there are many in
Two-cycle log-log paper generally
stances of complex mathematical
is adequate for these purposes.
K = 0.18
analysis in the literature with
Once the required initial data are
x = 12th unit
respect to the learning effect, one
obtained and plotted, the resource
= 24 units of output
of its pragmatic attractions is that
input for each individual unit in a
1n (1 -0.18)
it can be described simply and ap
production run can be read directly
Then
N
=
plied with a minimum of mathe
from the graph. Since direct read
1n 2
matical sophistication. The es
ing is tedious it is generally pref
.198
erable to employ a formula for
sential technique employed is to
= - .286
plot certain selected values on logestimating the total resource input
.694
for any given number of units
produced.
EDWARD L. SUMMERS,
Y12 = 962 (12-286)
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= 962 (.49)
fessor of accounting at
Formula for resource input
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Y12 = 471 DLH
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The formula for the resource in
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put (Y)
the xth unit in a pro
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from the University of
duction
run
is:
24
units is approximately
Texas.
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Yx = Y1 xn
where Y1 = resource input for
the first unit in the production
run, and n, the learning con
stant, is

In (1-K)
n =
In 2*

where K = fractional reduction
in resource required per unit
for each 100 per cent increase
in total units produced.
*“1n x” is the logarithm to the base e of
x, i.e., the natural logarithm of x.

_
[(24 + 0.5)1.0-286 — 0.51.0 286]
~ 1.0-.286

1350 (9.2)

12400 DL

The average number of DLH
each of these first 24 units would
be
12400
Y24 =
= 517
24
=
(compare this with the 962
DLH in the first unit)

The primary difficulty in meas
uring the learning effect is develop
ment of the initial data (values for
Y1 and K) that are required to
formulate the relevant models.
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and Controls,
[1970], No.
2, Art. 6models to those
projections
frequently
must beVol. 7relevant
learning
developed prior to the production
costs which should reflect a signifi
of a single unit. In such circum
cant learning effect and to incor
stances, the resource input for the
porate them in a budget along with
first unit, or the average cost in a
costs that do not involve a learning
production run, may be unreliable.
effect. To do this, another classifica
There is little help that we can pro
tion of costs based upon learningvide to resolve this rather sticky
effect theory should be added to
problem, except to note that
the system.
through experience many firms
have developed their own heuris
How to budget
tics for estimating its significance.
For example, the quantity n in
For example, consider the prob
the preceding formulas is termed
lem of budgeting by quarters. Let
the “learning constant.” The learn
us assume that in each quarter 100
Incorporation of the learning
ing constant tends to be stable
units of a particular new product
effect in the budgetary
within certain classes of activity; a
will be produced. In the first
repetitive activity such as “fitting”
quarter costs of production subject
process introduces a
might justify a constant of .9; and
to the learning effect will be higher
for another activity such as “paint
than they will be, say, in the fourth
complexity somewhat greater
ing” the constant might be .75. As
quarter. Assuming stable quarterly
than when standard costs
a consequence, when a new pro
production, it would be unrealistic
duct is produced, these two learn
to allocate the total estimated
are utilized . . . effective use
ing constants should be appropri
manufacturing costs for the year in
ate
for
“
fitting
”
and
“
painting
”
if
equal amounts to each quarter
of the nonlinear cost
these two activities are required to
should some of those costs involve
function is a skill that the
produce the new product. When a
a learning effect. Rather, the learn
totally new operation is to be per
ing-curve costs should be separately
budget executive should
formed for the first time it may be
evaluated and projected by quarter
possible
to
conduct
pilot
runs
of
and
then combined with those
acquire. The budget
the new operation—and from these
costs not subject to the learning
executive should be
runs useful estimates of the learn
effect. Consequently, the resultant
ing constant may be made.
budget variances are apt to be more
competent to select and
useful
instruments of effective
managerial
control. The same pro
apply relevant learning
Absolute precision impossible
cedure should be applied by weeks
models to those costs which
With respect to the value of K in
if budget variances are reported in
a given production run we must
that time dimension. Budgeting
should reflect a significant
observe that it is practically im
learning-effect costs in this way
possible
to
develop
absolutely
pre
serves to explain to management
learning effect and to
cise estimates. However, the ac
many mysteriously occurring vari
incorporate them in a budget countants, budget executives, and
ances whose causes are not sug
engineers who work cooperatively
gested by the conventional variance
along with costs that do not
to prepare cost projections usually
analysis. It is also possible to com
can specify with sufficient precis
pute a "learning-effect variance” to
involve a learning effect.
ion to provide, on the average, a
measure whether incurred costs
usable learning effect description.
subject to the learning effect reflect
Incorporation of the learning
an acceptable level of improvement
effect in the budgetary process
in the performance of the activity.
introduces a complexity somewhat
To appreciate the potential influ
greater than when standard costs
ence of the learning effect on man
are utilized. The nonlinear relation
agerial decisions, consider the
implications in a situation where
ships explicit in learning curve
standard or budget costs have not
theory require some added sophisti
incorporated the learning effect.
cation; effective use of the non
Significant variations are apt to be
linear cost function is a skill that
reported, creating concern and
the budget executive should ac
misunderstanding by the manage
quire. The budget executive should
ment. The management might be
be competent to select and apply
48
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provoked to unwise
decisions
(such How
data adjusted for the learning
production contract for eight large
as overpricing a new product) that
diesel engines incorporating newly
effect potentially can also enhance
application of learning-curve the
the accuracy of cost-volume-profit
designed features. There was a
ory could have prevented. High
analyses and provide more realism
strong possibility of a follow-on
costs during the early production
in the establishment of the pricing
order for eight more. John Brown,
period also may be accepted as
policies of the
manufacturing cost analyst, devel
representative and used as a basis
To illustrate in moderate detail
oped manufacturing cost estimates
for budget projections, thereby
one application of cost data (ad
for the engine contract based on
tending to deprive the firm of po
justed for the learning effect) in
standard costs. His estimate was:
tential cost reductions due to the
the development of pricing policy
First engine direct
learning-curve effect.
assume a fact situation in which a
costs
$ 200,000
When budgeting for the learning
firm was preparing a bid on a con
Each subsequent
effect it is important to identify
tract to produce diesel engines.
engine, direct costs
180,000
other factors that affect learning
There was a strong possibility of a
curve costs. Some of these factors
follow-on production run. The
Total Direct Costs
1,460,000
tend to offset, and thereby sub
learning effect was substantial, but
Conversion Costs and
merge the learning-curve effect.
the firm was not aware of the
Profit at 100 per cent
Inflation and price changes affect
learning effect and other firms with
of Direct Costs
1,460,000
ing specific resource inputs may
which it was competing for the
Total Bid, First
escalate the cost of material or labor
contract presumably were aware of
Contract
$2,920,000
as much
15 per cent in a single
this effect.†
year. In some situations it might be
The Sampson Machine and Tool
Total Bid, Second
desirable to develop an index of
Company was a custom machine
Contract
$2,900,000
prices to compensate for inflation
and tool manufacturer. The com
Glen Campbell, director of mar
and price changes in the cost esti
pany was preparing a bid for a
keting services, was concerned
mation models.
when he heard (reliably) that a
Several uses of cost data that
†This illustration is based
case pre
competing firm was planning to
have been adjusted for the learning
pared by
of the authors and appear
submit a bid of $2,500,000 for the
effect were suggested in the pre
ing in Short Cases in Managerial Ac
counting, Prentice-Hall, Inc., 1970.
first contract and $2,000,000 for the
ceding paragraphs. The use of cost
FIGURE I

Conditional Costs per Unit
versus
Total Number of Diesels Produced

NUMBER OF DIESELS PRODUCED
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6
the line
forArt.conditional
costs
versus total production on our
FIGURE 2
diesel contract would be the
Conditional direct costs on unit 1
$ 180,000
same?” asked Campbell.
2
126,000
“Yes, and I have assumed a slope
3
102,000
of
— 0.7 in preparing this other
4
88,200
5
78,000
graph (Figure 1 on page 49) for
(read from graph)
71,000
the diesel contract,” Sawyer an
7
65,000
swered. “I assumed that the
8
61,740
unit cost would be $200,000 in
771,940
direct costs; that $20,000 of
Unconditional direct costs on 8 units
160,000
direct
costs would not be subject
subtotal
931,940
Conversion costs and profit
931,940
to the learning effect; and that
TOTAL BID FIRST CONTRACT
none of the conversion costs and
$1,863,880
profit would be subject to the
Conditional direct costs on unit 9
$
57,500
learning effect.”
10
54,500
Sawyer continued: “Note that
11
52,000
the
vertical axis is in dollars of cost
12
49,500
13
47,300
per engine produced. The horizon
(read from graph) 14
46,000
tal axis is scaled in engines pro
15
44,000
duced. The line intercepts the
16
43,200
vertical axis at $180,000, which is
subtotal
394,000
Unconditional direct costs on 8 units
160,000
the avoidable direct cost on the
subtotal
first engine. The line was plotted
554,000
Conversion costs and profit
554,000
by computing the conditional di
TOTAL BID SECOND CONTRACT
$1,108,000
rect cost of the first, second, fourth,
eighth, and sixteenth units. Each
of these was computed as 0.7 of the
cost immediately preceding it. The
figures
on the other sheet (Figure
second contract. These bids were
costs on the first unit were $34,000,
2
at
left)
summarize the computa
far below the prices that Mr.
and for the second unit, $26,800,
tion
of
bids
from the graphs.”
Brown felt Sampson would have to
and so on. Now, as I see it, approxi
After
glancing
at the sheet (Fig
obtain in order to realize an ac
mately $24,000 of the costs on the
ure
2)
Campbell
said: “Does this
ceptable profit.
first unit were subject to the learn
mean
that
you
are
prepared to sug
Mr. Campbell felt that “some
ing effect, which means that they
gest
what
our
bid
prices should
thing” had been overlooked in pre
decreased as experience was gain
be?”
paring the Sampson bid. “Surely,”
ed. Let’s call these our “condi
“Obviously,” Sawyer responded,
he said, “it doesn’t cost as much to
tional” costs, that is, costs subject
“these are suggested bids that I
make the eighth unit as it costs to
to the learning effect. I estimate
have developed, and the bids of
make the first or second unit, and
there were $16,700 conditional
$1,863,880 and $1,108,000 will beat
our figures don’t take that into ac
costs on the second Robbins unit,
the
competition’s bids of $2,500,000
count.”
and so on down to $6,750 on the
and
$2,000,000, and we would still
“You may be right,” said Brown.
twelfth and last unit. Note here
do
okay
on the profits. In fact, if
“We have never been too success
that all these points fall in essenti
the
information
about the competi
ful in bidding on high-cost, lowally a straight line on this log-log
tive
bids
is
reliable,
and if those
volume production contracts, ei
paper.”
would
be
the
low
bids
without
ther. However, we have quoted
“What about the costs not sub
Sampson,
sound
bidding
strategy
average costs.” The two men
ject to this learning effect?” asked
would indicate that the bids I have
agreed to call in Tom Sawyer, a
Brown. “What happens to them?”
computed could be inflated some
quantitative analysis specialist
“They just stay about the same;
what
to provide additional profit
from the engineering department.
they aren’t particularly affected by
and
less
money left on the table.
After reviewing the situation, they
experience. Now the interesting
You should bear in mind that the
asked him to “analyze the facts and
thing is that I plotted this straight
costs will not behave this way be
let us have your suggestions.”
line on the log-log paper with con
cause a learning model indicates
Within two days Mr. Sawyer was
ditional costs against total units
they should, but that the model
back. “Look,” he told them, “here
produced for several other recent
are some cost figures from the
describes objectively an observed
contracts, and each time I got a
Robbins contract, which was simi
line with a slope of about — 0.7.”
phenomenon. It would be up to
lar to this diesel affair. Our direct
“Are you implying that the slope
to meet the learning-curve targets.”
50
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